Interest in the possible occupational lung diseases associated with slate-quarrying appears to date from the Registrar-General's Decennial Supplement, 1921, on Occupational Mortality (Registrar-General, 1927 ). Britten's review (Britten, 1928) showed that slate-masons and slate-workers had a significantly raised mortality from respiratory tuberculosis although it was much lower than that of tin-and copper-miners. At roughly the same time, Wade (1927) called attention to the excessive mortality from tuberculosis of the slate-workers in the Gwyrfai rural district in North Wales. Since then, most of the references in the international literature about this subject have referred to Wales, but descriptions of cases of pneumoconiosis in slatequarry workers have been published in other countries.
In France, Feil (1935) found relatively little pulmonary disease amongst slate-workers in Mayenne and Anjou. He attributed this to the low content of free silica (7%) in the slates there. In Germany, Schairer (1940) described egg-shell calcification in two slate workers; Koelsch (1950) described the radiographic appearances, and Ceelen (1951) described one case. In Italy, Frola (1942) described the radiographic appearances in 34 slateworkers; and cases have been reported from the United States by Rogers (1932) and Mansur (1951) .
In Wales, Wade's report was followed by the survey by Sutherland and Bryson (1930) who found clinical evidence of pulmonary fibrosis amongst 56 out of 120 slate-quarrymen. A few years later Chalke (1933) showed that 28% of the tuberculous males in the county of Caernarvon were slateworkers while this industry only absorbed 11 % of the male population. Davies (1939) Works, 1947) . They considered that the fear of pneumoconiosis was preventing men entering the industry and recommended that the pneumoconiosis problem should be attacked at once.
The relative position of tuberculosis mortality in the Gwyrfai rural district has not improved since the time of Wade's original investigation. In 1928 the tuberculosis death rate was 285 per 100,000 persons compared with a figure of 96 for England and Wales. In 1951 the figures were 110 and 31 respectively.
In 1952 there was therefore evidence that pneumoconiosis-probably silicosis-was prevalent amongst slate-workers in North Wales, and that the tuberculosis death rate in the slate-quarrying areas was abnormally high. For these reasons, the Gwyrfai Rural District Council asked the Welsh Board of Health for an investigation, and as a result a survey was carried out by the Mass Radiography Service of the Welsh Regional Hospital Board in 1952-53, which is the subject of this paper. The objectives of the survey were: (a) To ascertain the prevalence of pneumoconiosis amongst the slate-quarry workers; (b) to ascertain the prevalence of active pulmonary tuberculosis amongst quarry workers; (c) to determine whether any important relationship exists between (a) and (b); (d) to ascertain the prevalence of pulmonary tuberculosis amongst quarry and ex-quarry workers, living in " quarrying " communities; and (e) to ascertain the prevalence of pulmonary tuberculosis amongst workers not concerned with quarrying in the male population of the quarrying towns and to 95 compare this with the prevalence amongst quarry was in the Dinorwic quarry opposite Snowdon at a workers and ex-quarry workers.
OBJECTIVES OF MASS RADIOGRAPHY SURVEY
height of 2,000 feet above sea-level. In order to achieve these objectives the aim was to radiograph as near 100% of the quarry workers at their place of work as possible. To radiograph ex-quarrymen, quarrymen not well enough to work, and males not engaged in quarrying it was necessary to carry out surveys of the " total community " type (Cochrane, Cox, and Jarman, 1952) in a limited number of the quarrying towns in the district. These surveys, which were carried out from November, 1953 , to February, 1954 , became an integral part of the work and are described in Part II of this paper.
Planning and Propaganda
The first stage in the survey was to radiograph the working quarrymen. The report of the Ministry of Works (1947) shows that slate quarrying is the main industry in this area of North Wales, and there are few opportunities of employment in other industries. This naturally renders the men more than ordinarily sensitive to any procedure which might appear as a threat to their occupational security. It was emphasized both from the management and trade union that it would be difficult to obtain a 100% response from the quarry workers, who are traditionally conservative in their outlook. It was therefore essential to obtain the fullest cooperation from both management and workers of the five slate quarries concerned.
Joint consultations were arranged between the Welsh Sectional Industrial Council for the Slate Quarrying Industry (which includes representatives of workers and management), the chest physician, the Mass Radiography Service, and representatives from other interested medical services, at which the objectives of the scheme were discussed. Talks in English and by one of us (J.G.J.) in Welsh about the scheme and its objectives were given at places of work and in the canteens. Articles appeared in the local press, in English and Welsh, and an " on-the-spot " broadcast was radiated from the Welsh Region of the B.B.C. One of the most important measures which contributed to the success of the survey was, however, the personal canvassing of workers who had failed, without such persuasion, to attend. The mass radiography unit was taken to the place of work in the quarries and was moved from one " level " to another in order that the workers would not have to walk far from their place of work to be radiographed. The highest level at which the unit worked (Cochrane, Davies, and Fletcher, 1951 referred to the chest clinic for further assessment and diagnosis. It will be seen that 27 were considered to be suffering from active pulmonary tuberculosis. (Cochrane et al., 1952) . The number of P.M.F. cases tested bacteriologically from the quarry workers is, however, too few for the difference to be statistically significant. None of the 156 cases of simple pneumoconiosis had a positive sputum.
It should be pointed out, however, that of the seven category 2 and 3 cases diagnosed at the clinic as suffering from active pulmonary tuberculosis, five had a positive sputum ( (Cochrane et al., 1952) . In 2,911 surface and underground coalminers, four cases of infectious tuberculosis were discovered, a rate of 1 -4 per 1,000. The rate of sputum-positive cases in working quarrymen was at least 5-3 per 1,000.
It would appear, therefore, that in working quarrymen, although the total prevalence of pneumoconiosis and its radiological severity are lower than in miners and ex-miners, the prevalence of active pulmonary tuberculosis is higher. The rate for active tuberculosis in working quarrymen is 11 '1 per 1,000, that for miners and ex-miners being 7'5 per 1,000 Table 3 . Such a finding is consistent with the view that silica dust, when inhaled, decreases the resistance to tuberculosis (Vorwald and Delahant, 1938) .
The incidence of tuberculosis amongst working quarrymen is also higher than that found in any other industry in routine surveys carried out by the Welsh Mass Radiography Service.
PART II: SURVEY OF QUARRYING COMMUNITIES
To establish the prevalence of pulmonary tuberculosis amongst ex-quarry workers and males not engaged in quarrying living in the quarrying towns and villages, it was necessary to carry out " total community " surveys of the Rhondda Fach type (Cochrane et al., 1952) . Three population areas were selected in the largest of the quarrying communities within the Gwyrfai Rural District, viz., Llanberis, Deiniolen, and Pen-y-Groes. Many quarry workers live in smaller communities scattered on the mountain sides, but it was considered that the three population centres chosen would give the information required and would lend themselves well to the " total community " technique.
Definition of the Three Communities Surveyed
Arbitrary decisions were taken when defining the geographical extent and limits of the populations to be surveyed. This is unavoidable and indeed imperative in work of this kind. In doing so, we were mainly influenced by such factors as topography and the general concentration and distribution of the population. The population (including sex, age, and principal occupation) of the arbitrarily and geographically defined communities was ascertained by a census undertaken by the staff of the unit concerned in the actual radiography. Our (Cochrane et al., 1952) , subject to certain reservations.
Prevalence of Pulmonary Tuberculosis.-To attempt an assessment of the prevalence of active pulmonary tuberculosis, a list was obtained from the chest clinic of those still on the " live " register of tuberculous persons living in the populations previously described and still considered to be suffering from active pulmonary tuberculosis. This list was checked with those kept by the County Medical Officer, and to it were added those persons found to be suffering from active tuberculosis as a result of the quarry survey who lived in the defined area, and those found to be suffering from active tuberculosis during the total community surveys who were not previously known. All these are included in those radiographed in Tables 6a and 6b . Fig. 1 and Table 7 show the prevalence of active pulmonary tuberculosis (including infectious) by age, sex, and occupation for the three quarrying communities.
Comparison with the Rhondda Fach Survey.-The findings for prevalence of infectious and active pulmonary tuberculosis in certain groups compared with findings for similar groups in the Rhondda Fach are of interest.
Quarrymen and Ex-quarrymen.-Six hundred and eighteen quarry and ex-quarry workers were radiographed and 11 infectious and 26 non-infectious cases of active pulmonary tuberculosis were discovered. This gives a rate of 17-8 infectious cases per 1,000 radiographed, as compared with 5-3 per 1,000 amongst miners and ex-miners radiographed in the Rhondda Fach, and a rate of 60 per 1,000 for all active cases in this group as compared with 7-5 per 1,000 for the Rhondda Fach (Fig. 2 and Tables 7 and 8 ).
Men Tables 7 and 8 ).
Females.-Amongst 1,430 females over the age of 15 radiographed in the three towns in the Gwyrfai Rural District, there were two infectious and 25 non-infectious cases of active pulmonary tuberculosis, a prevalence rate of 18-9 per 1,000 radiographed for all active cases as compared with 10-7 per 1,000 radiographed in the Rhondda Fach ( Fig. 5 and Table 7 ).
Pneumoconiosis.-The purpose of the community survey was, primarily, to ascertain the prevalence of active pulmonary tuberculosis in the population of the three towns by age, sex, and principal occupation. The findings relative to pneumoconiosis are of less interest except perhaps where progressive massive fibrosis is concerned.
Amongst the 618 quarry and ex-quarry workers radiographed there were 123 cases of pneumoconiosis of category 2 and over, including 65 cases of P.M.F. (Table 9 ), a rate for P.M.F. of 105 per 1,000 compared with 129 per 1,000 in the Rhondda Fach.
All of these P.M.F. cases were asked to attend for an interview but less than half came. Laryngeal swabs were taken and sputum specimens obtained AGE males in the quarrying communities are considerably higher than those found in the Rhondda Fach survey. The prevalence rate for P.M.F. is rather lower in the quarrying community.
In assessing the significance of these findings account has to be taken of certain differences between the two surveys. In the survey of quarrying communities small films were used; there was a higher rate of failure to attend and perhaps a less intensive search for the tubercle bacillus was made in doubtful cases than was possible in the research project in the Rhondda. All these differences tended to minimize the rates for active and infectious cases in the quarrying community. Thus it is highly probable that the true differences are really greater than indicated by the figures in this paper.
There is also the difficulty of separating P.M.F. from tuberculosis and deciding on the degree of activity from the radiograph. This is even more difficult in the type of film seen among the quarrymen 
SUMMARY
Part I Two thousand four hundred and thirty-two working quarrymen from five slate quarries in Caernarvonshire were radiographed using 70 mm. films. This represents 90% of all the workers at these quarries.
The prevalence of pneumoconiosis of category 2 and upwards was 83 per 1,000 examined amongst working quarrymen; in the Rhondda Fach the rate for miners and ex-miners was about 300 per 1,000 examined.
The prevalence of infectious tuberculosis amongst the working quarrymen examined was 5-3 per 1,000 examined in contrast to the lower rate for working miners in the Rhondda Fach of 1 4 per 1,000 examined.
Active and infectious pulmonary tuberculosis is a more serious problem than simple pneumoconiosis in this group of the industry.
Part II Seventy-five per cent. of the population of three slate-quarrying towns in the Gwyrfai Rural District of North Wales were radiographed. Prevalence rates for active pulmonary tuberculosis amongst quarry and ex-quarry workers, males not engaged in quarrying, and females, based on this survey and subsequent diagnostic follow-up at the chest clinic, are presented and comparisons made with findings in similar groups in the Rhondda Fach in South Wales.
The prevalence of infectious cases amongst quarry and ex-quarry workers was 17-8 per 1,000 radiographed as compared with 5 3 per 1,000 amongst miners and ex-miners in the Rhondda Fach, and a rate of 60 per 1,000 for all active cases (including infectious) in this group compared with 7 5 per 1,000 for the Rhondda Fach. The prevalence rate for all active cases of tuberculosis amongst males not engaged in quarrying was 46-4 per 1,000 radiographed compared with 13 5 per 1,000 for males not engaged in mining in the Rhondda Fach. The prevalence rate for active cases amongst females, over the age of 15, was 18-9 per 1,000 radiographed compared with 10-7 per 1,000 in the Rhondda Fach.
It would appear that quarriers and males not engaged in quarrying living in quarrying communities are at considerably greater risk of contracting pulmonary tuberculosis than miners and males not engaged in mining in a coal-mining valley. Though it has not been definitely proved that the pneumoconiosis of quarry workers is responsible for this, the findings do suggest that working in the slate quarries may be an important contributory and perhaps a major determining factor.
